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CMS TOP-20-001 vs NNLO predictions for pp — ti + X with different PDFs
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@ Reported x? values with (and without) PDF uncertainties

@ The NNLO PDF sets describe data reasonably well, with best description by ABMP16
» CT18, MSHT20 and NNPDF40 show clear trend w.r.t data at high y(f) (large x)

@ aN3LO PDF sets show similar trends as corresponding NNLO PDF ones.
@ This is most precise currently available dataset with finest bins
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x intervals probed by it + X hadroproduction

° tt+ X @ 13 TeV probes ; - _
Coz<xs07 LO: x1 2 = (M(tD)/ V) exp [(£0)]

> gg contributes ~ 90%

0.45

@ (double)-differential data probe different — o(th total, V5 =13 Tev

x subintervals 0.40 4 —==- 250 < M(tf) <420 GeV, |y(tf)| <0.3

----- 250 < M(tt) < 420 GeV, 1.5 < |y(tt)] <2.5

@ in particular we consider distributions 0331 —+= 1000 < M(th < 3500 GeV, 1.2 < |y(th)] <2.2

double-differential in M(tt) and y(tt). 030
@ Scales my, My, Mz and m; are similar go.zs— ,," ‘\

among each other £ o0l P
@ Higgs production at the'LH.C probes ® o154 P

X ~ my/~/s ~ 0.01 which is well A

covered by differential {t + X data 0101
@ DY production at the LHC probes a 0051

similar region x ~ my z/+/s 0.00

» mostly sensitive to quark PDFs X

> helps with light flavor separation

S. Alekhin, G. Bozzi, G. Das, M.V. Garzelli, et al. PDF uncertainties on predictions for gg — H 3/25



CMS TOP-20-001 vs NNLO predictions using different m; values
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@ Sensitivity to m; as well.
@ — PDFs should be fitted simultaneously to m;.

S. Alekhin, G. Bozzi, G. Das, M.V. Garzelli, et al. PDF uncertainties on predictions for gg — H 4/25



ABMPtt (m; + as(Mz) + PDF) fit with multi-differential t7 +- X data

pp > ttX
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reduced.
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Gluon distribution: comparison among NNLO PDF sets

ref

- Q?=10000 GeV?
1.6/~ <. ABMP16

| S ABMPit

| H+cCTI8

1.4~ = MSHT20

L~ NNPDF40

- > PDF4LHC21_40

xg(x,Q?)/xg(x,Q?)

1.2

0.8~ g(ﬁﬁfr

107 1073 1072 10 1

* Difference due partly to ti data, partly to different as(M-), HF schemes, etc.
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Gluon distribution: comparison of NNLO with N3LO PDF sets

3 B
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x At x ~ 0.01 the aN3LO PDF fits differ among each other of at least the
same amount as the NNLO PDF fits.
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Gluon distribution: comparison of NNLO with N3LO PDF sets
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* Big differences among the two aN3LO PDF fits for x > 0.5, already present,
even slightly larger, when comparing the corresponding NNLO PDFs, are
covered by the aN3LO (MSHT x NNPDF4.0) PDF combination.
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Perturbative convergence of the inclusive o(gg — H)
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[Das, Moch, Vogt, Phys.Lett.B 807 (2020) 135546]
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Born improved HEFT cross sections

* Predictions with iHixs up to N3LO, and incorporating N*LO soft+virtual
corrections, using as input:

VS =13.6 TeV, my = 125 GeV, m; = 172.5 GeV, ny = 5, S = ué = my/2,
with different NNLO and aN3LO PDF + as(M>) sets.

+ N*LOsv provides estimate of missing higher-order corrections

x Estimate of uncertainties:
NALO

(8]

8®(Scale) = {max (o™ (up, ur) — ™ (g, ) ), min(6™NO (i, ) — SN (i, i)}
1 [o™MEO(ad (mz)) — oNFO(ag (my))|
5 (ot5) = 45 SN0 o)
5%) (PDF +ats) = 1/3%) (PDF)2 + 81 (a2,

5 (PDE-TH) — 1 |c™9(N3LO PDF) — g™MO(NNLO PDF) | -
(PDF-TH) = 3 o0 (N3LO PDF) :
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N3LO and N“LOsv predictions with a$(Mz) from LHAPDF

N3LO (8 in %) N4LOsv (8 in %)

PDF Name Cenmal | 5(N3LO) | 8(Scale)| 8(PDF)| Central| 8(N4LO)| #(Scale)] 8(PDF)
ABMP16_5nnlo [2] 488 | 33 2] T ] 4.7 o1 [ BT [
ABMPEE 5 nnlo [3] 484 | 33 2] T | 484 01 | 7 | TR

CT18NNLO [4] 513 | 35 3 Y] 513 01 | B3 [ 33
MSHT20nnlo_as118 [5] 514 | 35 oy 2513 01 [ B3] 2
NNEDF40_nnlo_as 01180 [6] | 517 | 3.5 09 ] 00 ] 517 ol | B3 | o8
PDFALHC21 40 [7] 516 | 3.5 eSS 01 | 95 ] e
MSHTZ20an3lo_as118 [8] 487 | 35 03] I a8 01 [ 97 [ 719
NNPDE40_an310.as 01180 [9] | 506 | 3.3 5 ] 0] sos 01 | 3 [ °

@ Scale and PDF uncertainties of the same order
@ N“LOsv effects decrese predictions by ~ 0.1% with respect to N3LO for all PDF fits.

@ Differences between predictions with different NNLO PDFs span ~ 6%, larger than 1o
uncertainty on each PDF set

@ Predictions with aN3LO PDF sets are within the range covered by NNLO PDFs.
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N3LO and N*LOsv predictions with a$(Mz) = 0.118, varied in interval

[0.115, 0121]

\ k=3 [ N3LO (8 in %)

\ PDF Name | centrat | s(N3LO)[ 8(Scale) [ 8(PDF) | 8(cs) | 8(PDF+ais)|
ABMP16_5_nnlo [2] 53.3 3.5 e T £79 i
ABMPtt 5 nnlo [3] 52.5 3.5 s B

CT18NNLO [4] 51.3 3.5 3 B EEE g

MSHT20nnlo_as118 [5] 51.4 35 0 REEEEI

NNPDF40_nnlo_as 01180 [6] | 51.7 3.5 - I

PDF4LHC21 40 [7] 51.6 3.5 s BUEEE

MSHT20an31o-as118 [8] 48.7 3.5 s I

NNPDF40_an3lo.as 01180 [9] | 50.6 3.5 = I
k=4 N4LOsv (8 in %)

PDF Name Central | 3(N4LO)| 8(Scale) | 3(PDF) | 8(cs) | S(PDF+ois)| S(PDE-TH)
ABMP16.5 nnlo [2] 532 [ 0.1 R 50
ABMPtt_5_nnlo [3] 524 | —0.1 1279 5

CTI8NNLO [4] 513 | 0.1 XIS
MSHT20nnlo_as118 [5] 513 | 0.1 17 £8.0 1 -
NNPDF40.nnloas-01180 [6] | 51.7 | —0.1 e lx19] 19
PDF4LHC21.40 [7] 515 | 0.1 R
MSHT20an31o-as118 [8] 487 | 0.1 D < +2.7
NNPDF40-an3loas 01180 (9] | 50.5 | —0.1 X +1.1

@ §(as) ~ £8% dominant with respect to §(PDF) for each set, but differences between sets

span 8% (6%).

@ Additional §(PDF-TH) uncertainty impacts N*LOsv predictions due to lack of N*LO PDfs.
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N3LO and N*LOsv predictions with a$(Mz) = 0.118, varied in interval
[0.165, 0195] (10)

k=3 N3LO (8 in %)

PDF Name Central | §(N3LO)[ §(Scale) [ &(PDF) | 8(cs) | B(PDF o)
AEMP16.5 nnlc [2] 53.3 35 i 0 +40 -
ABMPEE 5 nnlo [3] 525 35 R
CT18NNLO [4] 51.3 35 o =¥ 440 -
MSHT20nnlo as118 [3] 51.4 3.5 o3 121140 2
NNPDF40_nnlo_as 01180 (6] | 51.7 3.5 )
PDFALHC21_40 [7] 51.6 3.5 o3 T 440 =3
MSHT20an31o.as118 [8] 48.7 3.5 s 7| £40 i
NNPDF40_an3lo_as 01180 [9] [ 50.6 35 5 ] e [+40] 0

| k=4 \ N4LOsv (3 in %) \

| PDF Name | Cenral | 8(N4LO)[ 8(Scale) [ 8(PDF) [ 6(cts) [ 8(PDF +axg)] 8(PDF-TH)|
ABMP16_5_nnlo 2] 532 [ -0 [ 2% T +40 i -
ABMPtt 5 nnlo 3] 524 | -0 | 0% | +40 i -
CT18NNLO [4] 513 | —0.1 | © 28 x40 H -
MSHT20nnlo_as118 [3] 513 | -0.1 | ) ] +40 = -
NNPDF40nnlo_as 01180 [6] | 517 | —0.1 | 93 08 40 e -
PDF4LHC21.40 [7] 515 | -0 [ 93 S EEX - -

MSHT20an31o.as118 [§] 487 | —01 | 3 x40 3 +£27
NNPDF40_an3loas 01180 [9) | 50.5 | —0.1 | 53 el 140 38 £1.1

@ §(as) ~ +4%, still relevant in comparison to 6(PDF)
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99 — H — ~v: input for theory predictions and analysis cuts

x Fixed-order (NLO and NNLO QCD) fiducial cross-sections with the
HNNLO code, using as input:
Q@ ppo = pro=my=125GeV
@ different NNLO PDF+as(Myz) and aN3LO PDF+as(My) fits
@ exact dependence on M; and M}, fully accounted for up to NLO
@ large-M; approximation at NNLO

x analysis cuts inspired to [arXiv:2202.00487], but more inclusive:
@ pr ), > 0.35my,, |yy,| <237,
@ pr > 0.25myy, |yq| < 2.37,
@ jet reconstructed with anti-kr algorithm with R = 0.4.

Previous study using HNNLO in the HXSWG report CERN-2017-002 with
slightly different cuts focused on scale uncertainties and differences between
fixed-order and resummed calculations. Only one PDF set was used
(PDF4LHC15).
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pr,4~ and y.. at NLO
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* Unphysical divergence for pr ., — 0 can be cured by resummation of large
logarithms appearing for pr << my (HRES).

* Differences among different PDF fits increase with y,, and pr .,
corresponding to larger x values.

S. Alekhin, G. Bozzi, G. Das, M.V. Garzelli, et al. PDF uncertainties on predictions for gg — H 15/25



p7 .~ predictions with resummation vs fixed-order ones
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from HXSWG Yellow Report CERN-2017-002
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pr,, and y,., at NNLO
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« Similar trend to NLO, as for differences among different PDF fits

S. Alekhin, G. Bozzi, G. Das, M.V. Garzelli, et al.

PDF uncertainties on predictions for gg — H

17/25



pr of leading and next-to-leading v at NLO
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x perturbative instabilities related to (integrable) logarithmic singularities in the
vicinity of the LO boundary pr < my/2. They would disappear in a calculation
implementing resummation of large logs appearing for pr << mg.

* Difference among different PDF sets are larger for pr ., than pr .,
distributions: at pr ~ 100 GeV, they reach 5% and 10%, respectively.
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p7.~, and pr . : resummed vs fixed-order
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from the HXSWG Yellow Report CERN-2017-002

* Instabilities around my /2 cured by resummation

* do/dpr ~,(HRES) — HNNLO for pr,, > 100 GeV,
do/dpr 4, (HRES) — HNNLO for pr ,, > 70 GeV
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pr of leading and next-to-leading v at NNLO
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x Difference among PDF sets follow similar patterns as at NLO

* At pr, ~ 100 GeV, differences among predictions with different central

PDF sets ~ 5 — 10%.
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y of leading and next-to-leading v at NLO
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x Differences among different PDF sets increasing at large |y/|, corresponding
to more extreme x values.

x the central aN3LO MSHT PDF gives predictions smaller than all others at
central rapidity by ~ 6%.
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y of leading and next-to-leading v at NNLO
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+ Similar trend in PDF differences, as observed at NLO.
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pr of subleading jet at NNLO
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x Steep distributions, fixed-order provide reliable predictions only at large

enough pr.

x Increasing differences between different PDF+as(Mz) sets at larger pr,
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Puijs

exceeding 10% for pr > 50 GeV.
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Conclusions: TO DO

x Our differential study is still preliminary, suggestions are welcome,
we plan to:

@ use VS =13.6TeV

increase statistics

include PDF uncertainties using the different sets

add predictions with the combined aN3LO (MSHT x NNPDF) PDF set

run resummed calculations (HRES), more time consuming, but mandatory in regions of low
PT s OF PT  ~ My /2.

Our preliminary results show that the differences between predictions with
different modern PDF+as(Mz) sets, considering the various NNLO (and even
aN3LO) sets publicly available, might reach 5-10% depending on the
differential observable. This is of the same order of scale variation
uncertainties.
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Conclusions - 1l

x The two aN3LO PDF fits produce quite different results among each other at
the level of various NNLO differential distributions.

x They differ by a large factor for x > 0.5. The present aN3LO combination
covers this difference. However, one may ask up to which extent it makes
sense to combine sets which differ so much.

* When using aN3LO PDFs in the case of t7 + X production at NNLO, we see
differences with experimental data that we do not expect can be cured by just
bringing the accuracy of partonic cross-sections to N3LO.

* Although the efforts towards aN3LO PDFs are certainly worth,

not all PDF collaborations agree that the aN3LO PDFs represent the most
recommendable and prudent choice for precision physics at the moment
(see lively discussions at the PDF@LHC meeting).

*x We think that the HXSWG recommendation should also account for the big
progress in NNLO PDF fits, and do not forget to provide even “cautious” but
robust reference predictions using NNLO PDFs in association with NNLO
partonic cross-sections.
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